The interferons are a group of proteins with antiviral activity, growth regulatory properties, and a wide variety of immunomodulatory activities. There is evidence that, when interferon a is used therapeutically in chronic hepatitis B and C and in certain malignancies, [1] [2] [3] [4] [5] it can precipitate or exacerbate autoimmune endocrine diseases, especially of the thyroid gland. 6 In this review we examine the published information on such unwanted effects.
THYROID GLAND
The thyroid gland is the most extensively studied in relation to the effect of interferon a: more than forty reports document changes in thyroid function and autoimmune markers during treatment of hepatitis C. In the largest series, 11 241 consecutive patients with hepatitis C were treated with interferon a, of whom 71 (0.6%) developed symptomatic thyroid disorders. 7 This incidence, however, is likely to be an underestimate: there was no regular surveillance of thyroid function, so symptoms related to thyroid disorders could easily have been missed or misinterpreted. Series in which thyroid function was checked regularly have shown thyroid dysfunction developing in 4-14% of patients during interferon a therapy. [8] [9] [10] If development of circulating thyroid antibody is included, the percentage is much higher. [11] [12] [13] Table 1 summarizes results from the studies with sizeable numbers. A noteworthy feature is that the more frequently thyroid function was checked the higher the reported rate of thyroid dysfunction.
In hepatitis C, interpretation of the data is complicated by the fact that this disease is itself associated with autoimmune disorders. 14 For example, up to 20% of chronic hepatitis C patients have circulating thyroid antibody before treatment with interferon a. [15] [16] [17] The question whether interferon a precipitates or worsens thyroid dysfunction would best be settled by a randomized placebo-controlled trial, in which the treated and untreated groups would be comparable. No such trial has yet been reported, so we have to assess evidence from less reliable comparisons. In one recent study the incidence of thyroid antibody development in patients treated with interferon a was 21% compared with 10% in patients not so treated. 11 The difference was not statistically significant and the authors judged the thyroid autoimmunity more likely to be due to the virus infection than to the treatment. However, there were only 65 patients in each group and the study lacked the statistical power for a confident negative conclusion. Another study, with similar design, showed a larger difference, with 9/58 (16%) initially seronegative patients developing thyroid autoimmunity when on interferon compared with 1/28 (3%) of those declining the treatment. Although the data are inconclusive, we think it likely that interferon a can exacerbate pre-existing thyroid immunity.
The patients most at risk of developing either biochemical or clinical thyroid autoimmune disease during interferon a treatment are women and people with preexisting thyroid peroxidase antibody. [18] [19] [20] [21] Other possible risk factors are advanced age and oriental origin. 10, 18, 19 Of individuals with pre-existing thyroid peroxidase antibody, half or more have been reported to develop thyroid dysfunction during interferon a treatment. 20, 21 The disorders include hypothyroidism (the most common 13, 22 ), Graves' disease with hyperthyroidism and thyroiditis with a two-phase presentation. The pattern of thyroid dysfunction seems to differ between patients with pre-existing antibody and those without: patients with pre-existing thyroid peroxidase antibody tend to develop either an exacerbation of Graves' disease or Hashimoto's thyroiditis during interferon treatment, while those without pre-existing antibody tend to develop thyroiditis. 18, 23, 24 This is illustrated by the work of Roti et al. 25 who found that 4 out of 32 patients treated with interferon developed thyrotoxicosis during treatment. Interestingly, 3 of the 4 showed a decreased uptake of radioactive iodine, suggesting a destructive process, and the thyrotoxicosis subsided with steroid therapy. Furthermore, all 4 were negative for thyroid peroxidase antibody. 25 We think it likely that, in certain series, some of the cases reported as Graves' disease are in fact thyroiditis-caught in the initial thyrotoxic phase and thus misdiagnosed.
One reason for thinking that interferon a is a direct cause of thyroid dysfunction is that in some instances the dysfunction ceases when treatment stops. However, this is not universal: some patients continue to need treatment such as thyroid hormone replacement for a long time after stopping interferon. Antibody production follows a similar pattern. In some patients antibodies decline or disappear when interferon is stopped, in others they persist. 10, 15, 18 Carella et al. 26 followed 114 patients after a course of interferon for hepatitis C. At the end of twelve months of treatment, 36 (32%) had thyroid antibody. At a median follow-up of 6.2 years, about one-third still had antibody, one-third had lost their antibody while the remaining third showed a relapsing/remitting pattern. Of the 12 patients in this series who developed subclinical hypothyroidism, all were in the group with thyroid antibodies. The findings point to the need for continued surveillance of thyroid function when interferon a treatment is stopped. The same group looked at patients who received ribavirin in addition to interferon a, but the incidence of thyroid dysfunction was similar. 27 Apart from true thyroid dysfunction, interferon a has also been reported to induce antithyroxine antibody, which can give rise to a spuriously high free T4 measurement unless special assay procedures are followed. This further complicates the picture. 28 Interferon a has also been used in the treatment of hepatitis B and hepatitis D. In these contexts, thyroid dysfunction seems less frequent than in hepatitis C, though the matter has been less well studied. In hepatitis B, the prevalence of antibodies before interferon treatment is lower than in hepatitis C, and the incidence of thyroid dysfunction is only 2-4%. 15, 17 Because of the lower incidence, monitoring of thyroid function is probably not indicated in these patients after interferon a treatment, in the absence of symptoms.
Interferon has also been used in the treatment of malignant disease, including haematological malignancy, carcinoid tumour, metastatic melanoma and breast cancer. 1, 3, 5 In patients with carcinoid tumour or breast cancer the incidence of thyroid dysfunction during interferon treatment can be very high-usually 20-30% and sometimes 50%. [29] [30] Both Hashimoto's thyroiditis and Graves' disease have been reported. However, most series are rather small and long-term data are lacking. In patients with haematological malignancy treated with interferon, the incidence of thyroid dysfunction during interferon treatment is much lower. 31, 32 The reason for such differences is obscure.
Possibly different mechanisms are at work in different types of thyroid dysfunction. In healthy individuals injected with interferon a, thyroid stimulating hormone (TSH) and tri-iodothyronine (T3) decrease while reverse T3 increases. This biochemical picture is similar to euthyroid sick syndrome and may be mediated through interleukin 6. 33 Such acute effects are unlikely to account for the thyroid dysfunction described in patients receiving longer-term treatment. Other effects of interferon a are to increase expression of major histocompatibility complex class I antigen but suppress the expression of histocompatibility complex class II antigen. 34 patibility complex class II antigen. 35 Furthermore, work in animals suggests that the increased production of thyroid antibody and expression of histocompatibility complex class I and II antigen are dissociated. 36, 37 The role of such changes in the development of autoimmune thyroid diseases during interferon a therapy remains speculative. Interferon a is known to alter the balance between Th1 and Th2 cells. Th1 cells predominate in Hashimoto's thyroiditis while Th2 cells have an important role in Graves' disease. 38, 39 We hypothesize that interferon a causes autoimmune thyroid disease by changing the Th1/Th2 balance. It is also noteworthy that another cytokine, interferon b, has been incriminated in induction of thyroid dysfunction. 40
DIABETES MELLITUS
Endocrine disorders of other kinds have been less thoroughly studied than thyroid dysfunction in relation to interferon therapy. There are several reported cases of type 1 diabetes developing in association with interferon treatment, but most of the patients had GAD antibodies before the start of treatment. 41, 42 In one series of 70 patients with hepatitis C receiving interferon, only 1 developed type 1 diabetes (five months after the beginning of treatment) and that patient was anti-GAD positive before treatment. The causal role of interferon is therefore doubtful. 43
ADRENAL DYSFUNCTION
Anti-21-hydroxylase antibody has been reported to appear in 4.8% of hepatitis C patients receiving interferon therapy. 44 However, to date there has been no report of adrenal failure associated with this phenomenon. There are two reports of pre-existing Addison's disease showing increased steroid dependence during interferon therapy. 45, 46 PITUITARY DYSFUNCTION Interferon a can activate the hypothalamic-pituitary axis in acute circumstances. 47 There is one reported case of reversible hypopituitarism in association with interferon therapy 48 and our group has seen a patient with irreversible hypopituitarism after one year of interferon therapy (unpublished).
OTHER AUTOIMMUNE DISORDERS
From the published work it is clear that thyroid dysfunction is the most common endocrine disorder to develop during interferon a therapy. The likely reason is that the thyroid is the most common site of autoimmune endocrine disease in the general population and that interferon a treatment promotes autoimmune reactions especially in those who are immunologically predisposed (antibody positive before treatment). Probably the risk of other autoimmune disorders is likewise increased but less obvious because these conditions are rarer or more difficult to detect. This notion is supported by the development of other autoimmune diseases such as systemic lupus erythematosus and Sjögren's syndrome during interferon a treatment. 49
RECOMMENDATIONS
Since the incidence of thyroid dysfunction is quite high in patients receiving interferon a for hepatitis C and certain malignancies (including malignant carcinoid and breast cancer), we recommend that thyroid function and thyroid antibody be checked before initiation of treatment for these conditions and monitored during treatment. By contrast, in patients receiving the agent for hepatitis B or haematological malignancy, monitoring of thyroid function may not be worthwhile in the absence of symptoms. If thyrotoxicosis develops during interferon treatment, physicians should also be aware of the possibility of destructive thyroiditis as distinct from Graves' disease with hyperthyroidism. This is particularly true for patients without pre-existing thyroid antibody. Thyroid dysfunction may resolve if interferon is stopped. However, the development of thyroid dysfunction does not necessarily contraindicate further interferon a treatment. Of those patients who are antibody positive at the end of interferon treatment, a proportion will later develop thyroid dysfunction; therefore continued monitoring of thyroid function is needed in this group. Interferon a induced type 1 diabetes, adrenal insufficiency and hypopituitarism seem rare although antibodies directed against the corresponding organ have been reported. Regular monitoring for these disorders is not indicated.
